Introduction
In recent years, with the increasing miniaturization of microelectronic devices, we are unquestionably confronted with structures of a condensed material on a nanometer scale. [ 1 ] With the invention of the atomic force microscope (AFM) [2] , we have been equipped in good time with the appropriate tools to understand the physical properties of micro condensed matter. [3] In this study, we focus on the fatigue property of the photoresist patterns which have different shapes. In combination with the analysis of internal stress distribution in the resist pattern, the pattern shape dependency of fatigue mechanisms can be discussed.
Experiment 2.1 Resist pattern fabrication
A KrF chemically amplified positive resist with labile blocking groups and photoacid generators were used. The blocking group was tertbutoxy carbonyl (t-BOC).
As shown in Fig.l , the line and L-shaped patterns of 170 nm width and 850 nm height were fabricated on the Si(100) substrate. Silane coupling treatment to promote adhesion was performed.
Fatigue analysis
An AFM integrated with a gold-covered Si3N4 cantilever tip was used for the fatigue investigation. The radius of the tip apex curvature and the spring constant of the cantilever were 20 nm and 0.75 Nlm, respectively. The tip shape was tetrahedron and its apex angle was approximately 35 degrees. The cantilever displacement was detected using a laser deflection method. [3] Prior to the fatigue experiment, the resist pattern was imaged in the contact mode with the applied load of 0.01 nN which is much smaller than the load required for deforming the pattern. Subsequently, the tip traversed the resist pattern by moving the substrate, as shown in Fig.2 . By scanning the tip with a certain load, 6 nN, the resist pattern can be deformed simply by scratching the sample surface. In the case of one imaging procedure in raster scanning mode, the 128 times contact of the tip was made with each resist pattern. The imaging times N can be regarded as the meaningful value which reflects the fatigue property of the resist material. Finally, the pattern collapse can be reconfirmed by imaging the sample in the contact mode with a small application load. Neither the AFM tip nor the silicon substrate appeared to be damaged as a result of the surface imaging procedure. The fatigue investigations were carried out in a dry atmosphere (23°C, 4%R1 I), because water vapor is known to coat surfaces with several monolayers after a brief exposure to ambient conditions. The tip-sample adhesion force can lead to the formation of a thin continuous meniscus neck by slightly retracting the tip from the pattern surface. 
Results and Discussion
Figures 3a to 3d show the pattern images obtained after the fatigue investigations ranging from 1 to 13 times imaging with the applied load of 6 nN. More than imaging at 7 times (N=7), the line pattern collapsed partly but the L-shaped pattern. With regards to these results, one can safely state that the L-shaped pattern is less likely to collapse and fracture as compared with the line pattern. Figure 4 shows the analytical results of the internal stress distribution in the resist pattern by the three-dimensional finite-element method (FEM). As the basic assumptions made in performing FEM analysis, the resist-substrate interface is defined as the fixed points. Young's modulus and Poisson ratio of the resist material used for the calculation are 5 GPa and 0.33, respectively. [3] The amount of stress was calculated on the basis of the Mises stress model.
As seen in Fig.4 , in both pattern shape models, it can be clearly observed that the internal stress concentrates at the contacting point of the AFM tip. Particularly, in the case of the L-shaped pattern, the distribution area of internal stress is much smaller than that of the line pattern. In this regard, the geometric effect of corners of the L-shaped pattern can be expected to have some influence on the fracture limit. These results explain the result of pattern collapse due to fatigue as shown in Fig. 3 . The fatigue strength of the L-shaped pattern can be improved as compared with the line pattern. In this way, understanding the fatigue property of resist pattern is of crucial importance for the designing of not only resist materials but nano-structure devices.
Conclusion
Fatigue and collapse properties of resist pattern are characterized with regard to the pattern shape dependency by using the AFM. We believe that this technique can be applied to the resist pattern less than 100 nm scale. Moreover, this method can provide useful information for other fields, for example, structural design for nano-machines. 
